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Introduction & Physics 
requirements 
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Pierre Auger Observatory 

SDEU CDR - Orsay, 04 February 2015 

Surface Array 
 1600 detector stations 
 1.5 Km spacing 
 3000 Km2 

INFILL array:  
60 detector stations 
750 m spacing 
 

 
Fluorescence Detectors 
 4 Telescope enclosures 
 6 Telescopes per enclosure 
 24 Telescopes total 
HEAT: 3 Telescopes 
 

The full efficiency of the SD 
trigger  is reached at 3 1018 eV.  
 For the Infill array the full 
efficiency is reached at 3 1017 
eV.  
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Surface Detector 
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Power budget is 10 W per station. 
The 900MHz COMMS transmission is 150 bytes/s/station. 
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Current electronics (SDE) 

Signals are read out by three 9” XP1805 
photomultipliers. 
 
Signals from anode and dynode outputs are 
filtered with an anti-aliasing filter and 
sampled with 40 MHz, 10 bit FADC. 
 
Total dynamic range: from few  to about 
6x104 photoelectrons (about 600 VEM) 
 
Two shower triggers are used: Threshold 
and time over threshold trigger  
 
A common time base is established  by 
using the GPS system (Motorola OnCore UT 
receiver) providing a one pulse/s which is 
used to synchronize a 100 MHz clock 
serving to timetag trigger.  

TankPowerControlBoard (TPCB) 

Radio 

Ekit 

Each  detector station has an IBM 403 
PowerPC processor for local data 
acquisition, software trigger and 
detector monitoring, and memory for 
data storage. 
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Current electronics (SDE) 
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Calibration with background muons. 
LED system (not used for calibration). 
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Performance 

Trigger efficiency is typically better than 98%. 

Number of black tanks typically lower than 20. 
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• Failure rates are low, about 15 
boards per year. 

• About 3 maintenance trips per week 
(includes also batteries). 

• All repair can be done in SDECo, 
Malargüe 

• Test benches were moved to 
Malargüe. 

• Local SDE staff: 3 technicians. 

Maintenance 
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Auger Upgrade 
 Auger has observed clearly both 

a strong cosmic-ray flux 
suppression above 50 EeV and a 
sharp spectral transition near 7 
EeV (the ankle).  

 

 Presently it is not possible to 
determine whether the 
suppression is due to energy 
losses in transit (the GZK 
effect) or if it reveals the 
maximum energy of the source 
accelerators. 

 

Goal:  

     Extend the existing measurements of composition-sensitive observables to     
higher energy to search for the rigidity-dependent suppression of the flux 
of individual mass groups.   
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Steps in SDE proposal 
construction 

• Auger Beyond 2015 group suggests upgrade of SD/SDE 

• Meeting in Orsay 8-9 October 2012 

• Meeting in Orsay 21-22 January 2013 

• Meeting in Lisbon 30-31 May 2013 

• Meeting in Orsay 24-25 October 2013 

• Meeting in Grenoble 30 January 2014 

• Visio-meetings 7 May and 12 June 2014 

• Meeting in Grenoble 15 October 2014 

• Parallel sessions in Auger Collaboration meetings 

 

• Documents circulated to the collaboration  

• Mailing list: auger_sd_electronics 

• Wiki page: 
https://www.auger.unam.mx/AugerWiki/SDE_Upgrade 
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https://www.auger.unam.mx/AugerWiki/SDE_Upgrade
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Requirements for  
new electronics 

• Increased local processing and triggering capability by integrated, more 
powerful FPGA and microprocessor 

 Allows additional triggers and increases the processing power by > 
factor 10. 

• Increased sampling rate from 40 MHz to 120 MHz: 
 Better resolving power for in-tank signal asymmetries 

• Enhanced dynamic range (x32) 
 Allows to measure accurately 
showers up to about 250m from 
the shower core 
 
 Improve the geometric and 
energy reconstruction 

Saturation 
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Requirements for 
new electronics 

Increase the resolution of the station-to-station timing 
synchronization (from 10ns to 4ns).  
 

Enhance calibration capabilities with a more flexible LED driver 
supporting additional calibration and test modes. 
 

Enhance capabilities of the on board slow control system with 
additional sensors and functionalities 
 

On prototypes: 
Provides a flexible interface to allow the muon detectors 
upgrades prototypes and other enhancements co-located with 
the surface detector stations to make use of the data 
processing and communications infrastructure of the stations. 
 

On final design: 
Provide interface to the chosen muon detector solution.  
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• The collaboration decided to upgrade the SD with Scintillator 
detector on top of the tank in November 2014. 

Status of Auger Upgrade 

• Muon component will be separated 
from the EM component by using 
additional     information from 
scintillator installed on top of the 
water tank. 
•  Surface Detector electronics will 
be upgraded. 
•  Fluorescence Detector uptime will 
be increased from 14% to about 
30%. 
•  Preliminary Design Report and 
final proposal in preparation (due to 
mid-April 2015). 
•  Engineering Array of 10 stations 
end 2015. 
•  Production and deployment 2016-
17. 
 

Prototype scintillator detector ASCII. 
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Development Plan 
& 

organization 

WP10LPSC02J_SDEU_Dev_Plan_27nov14 

SDEU CDR - Orsay, 04 February 2015 



16 

SDE Task 
• Task leaders: Tiina Suomijarvi and Jim Beatty 

• System Engineer: Patrick Stassi 

• Sub-tasks for maintenance 

– PMT-Base unit 

– Front End board 

– Trigger/memory circuitry 

– Time tagging and GPS 

– Unified Board 

– Tank Power Control Board 

– LED flasher 

Maintenance activities continue in parallel with the upgrade activities. 
Work Packages have been created for the upgrade activities. 
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Development Plan - PBS 
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The Work Packages (WP) for the SDE Upgrade are: 
 
WP1 Analog PMTs signal processing 
WP2 Trigger development 
WP3 Time Tagging development 
WP4 Slow Control development 
WP5 UUB Hardware Design & Integration 
WP6 UUB Software development 
WP7 Calibration & Control tools development 
WP8 Assembly, Deployment and Validation 
WP9 Simulation and Science Validation 
WP10 Project Management 

Work Packages definition 
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Work Packages responsibilities 

• Several laboratories from several countries participate to different WPs. 
• All participate to WP5 (the integrated electronics board). 
• Engineers for development have been identified. 
• Most of the tools and facilities already available.  
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Work Packages relations 

WP5 

WP10 
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Project Documentation 
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Meeting minutes are on the SDE Upgrade wiki page. 
Technical documents will be in the CERN EDMS. 
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Technical specifications 

WP10LPSC03H_SDEU_Specification_27Nov14 
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MISSION 
MODES 
STATES 
FUNCTIONS 
PERFORMANC
ES 
FOR H/W & 
S/W 
ETC. 

COMPONENTS 
ITEMS 
PARTS 
INTERCHANGE
ABILITY 
MODULARITY 
ACCESSIBILITY 
ETC. 

ELECTRICAL 
MECHANICAL 
THERMAL 
ETC. 
 
 

SIZE 
MASS 
VOLUME 
SHAPE 
MATERIALS 
MARKING 
ETC. 

TEMPERATURE 
HUMIDITY 
PRESSURE 
RADIATION 
SHOCK 
VIBRATION 
ETC. 
 
 
 

RELIABILITY 
MAINTAINABILITY 

EFFICIENCY 
TESTABILITY 
ETC. 
 
 
 
 
 
 

AUTONOMY 
POWER 
FAILURES 
CONTROL 
COST 
ETC. 

FACILITIES 
MAINTENANCE 
SUPPLY 
LOGISTICS 
ETC. 
 

METHODS 
LEVELS 
PROCESS 
ETC. 
 
 
 
 
 

Requirements Classification 

9 class of requirements: 
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Product Breakdown Structure (PBS) 

The requirements are defined in each class, accordingly to this PBS: 
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Document Status 

- All Requirements class filled 
- 87 Requirements defined 
- 38 “old” Req. 
- 49 “upgrade” Req. 

 
 
Physics, user and technical req. 
 
 

 

Version 03H – Nov. 27, 2014 
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Functional Requirements (FR#) 
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Functional Requirements (FR#) 
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Configurational Requirements (CR#) 
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Configurational Requirements (CR#) 
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Interface Requirements (IR#) 

SDEU CDR - Orsay, 04 February 2015 



31 

Physical and Environmental 
Requirements (PR#  ER#) 
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Quality and Operation 
Requirements (QR#  OR#) 
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Support Requirements (SR#) 
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Verification Requirements (VR#) 

The verification can be performed with four methods, at system or sub 
system level: 
 
- Inspection 

- The requirement implementations are verified by a visual inspection of the 
system and its sub systems. 

- Review of Design 
- The requirement implementations are verified by a review of the design 

documents (schematics, reports, pictures, etc.) of the system and its sub 
systems. 

- Analysis (simulations) 
- The requirement implementations are verify through analysis reports, showing 

result on mathematical or software models of the sub system concerned. 
- Test 

- The requirement implementations are verified through test reports showing 
results on test procedures applied on the system and its sub systems. 

SDEU CDR - Orsay, 04 February 2015 
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Design Implementation 
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• Upgraded Unified Board – WP5 
• Analog PMT signal processing – WP1 
• Time Tagging  - WP3 
• Slow Control  - WP4 
• Calibration Tools – WP7 

SDEU CDR - Orsay, 04 February 2015 
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Interfaces 

WP10LPSC05E_SDEU_EICD_28Nov14 

WP10LPSC07F_SDEU_DICD_29Jan14 
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UUB mechanical interface 
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UUB electrical interface 
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UUB electrical interface 
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Power consumption 

The total peak power estimate is 14.5W. 
This is compatible with the current power consumption. 
 

SDEU CDR - Orsay, 04 February 2015 

4.5 

16.5 
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UUB 
Connectors 
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Interface to additional detectors 

Two connectors are 
provided with 8 
differential lines 
individually defined as 
input or output which 
can be allocated in the 
FPGA, with switched 
24V power supplies. 
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UUB – PMTs analog inputs 

Big PMTs 

Small PMT 

ASCII PMTs 
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Big PMTs 

Small PMT 

ASCII PMTs 

UUB – Slow Control I/Os, Trigger, GPS 
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UUB – Communications 

Radio 
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Risks 
& 

FMECA-FDIR 

WP10LPSC06C_SDEU_Project_Risk_Analysis_28Nov14 

WP10LPSC10C _SDEU_FMECA _FDIR_28Nov14 
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Project risks analysis 

SDEU CDR - Orsay, 04 February 2015 



49 

Project risks analysis 
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Technical risks - FMECA 
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Technical risks - FMECA 
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Technical risks - FDIR 
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AIT – AIV Plan 

WP10LPSC11D_SDEU_AIT_AIV_Plan_28Nov14 
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UUB Models philosophy 
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UUB Verification Tools 
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• It consist of two parts, a control computer (CC) with the user 
interface and a tank simulator (TS). 

• The TS is an FPGA-driven device, which will provide analog data 
for the UUB which processes it and transmits the processed 
digital data to the CC. 

• The received data in the CC is then compared with the expected 
answer of the UUB to the given analog input. 

Tank simulator – Test Set Up 

SDEU CDR - Orsay, 04 February 2015 
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• The input signals are generated with help of an FPGA (Xilinx 
Zynq). 

• Fast and/or complicated analog signals (for UUB ADC inputs) are 
produced by a FPGA-controlled signal generator. 

• Current setup: Zynq FPGA on ZC702 evaluation board. 
Later: Custom FPGA board. 

Tank simulator – Block diagram 

SDEU CDR - Orsay, 04 February 2015 
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• The UUB receives signals at its inputs and provides output data 
via the “RS232“ radio interface. 

• From the LabVIEW interface, all configurations for the TS can 
be loaded and transmitted. 

• The GUI will provide status output on the performed 
measurements. This includes an online comparison between the 
expected digitization result and the digital data returned. 

Control Computer – Block diagram 

SDEU CDR - Orsay, 04 February 2015 
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Tank simulator – Analog signal 

Shaped pulses with arbitrary length and amplitude. 

• 8 channel board for use with Xilinx ZC702 
evaluation board already produced and 
evaluated. 

• Currently implementing serial 
communication for dynamic generation of 
pulse patterns. 

SDEU CDR - Orsay, 04 February 2015 
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Prototype Board Verification flow 
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Pre-production Board Verification flow 
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Production Board Verification flow 
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• Process in Malargüe 
(SDECo) 

• Receiving inspection 

• Functionality test 

• Assembly to Ekit 

• End-to end-test  

Assembly and tests 

SDEU CDR - Orsay, 04 February 2015 

The SDE Upgrade process follow  the QMP of the current SDE and 
the QA of the Pierre Auger Observatory.  
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Small PMT Design 
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Cost 
& 

Schedule 

WP10-LPSC-08J-SDEU_WBS_24Jun14 

WP10LPSC04K_SDEU_Project_28Nov14 
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Cost – WBS SDEU & SPMT 

25 prototypes boards (UUB) 60 320,00 US$ (~2500$/unit) 

Production: 2000 boards (UUB) 1 766 287,00 US$ (~900$/unit) 



67 

Cost – Funding profile 

US $ 0

US $ 100 000

US $ 200 000

US $ 300 000

US $ 400 000

US $ 500 000

US $ 600 000

US $ 700 000

US $ 800 000

US $ 900 000

US $ 1 000 000
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WP1
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Schedule 
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Schedule 
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Schedule 
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Schedule 
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Schedule 
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Schedule 
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Schedule 
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Backup Slides 
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Upgraded Unified Board UUB 
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Software and data transmission 
The existing Auger-UB software will be ported to Linux. 
The software will involve greater use of FPGA firmware to simplify data 
acquisition. 

The 900MHz COMMS transmission is 150 bytes/s/station. 
The bandwidth is  divided into 50% T2 (3 bytes), 40% T3 (events, 7 kbytes) and 
10% fixed overhead.  
It is best to keep readout rate  < 0.1 per station per min, the readout time is 
currently about 2min. 
The estimated increase of the event size for Auger upgrade  is about 5. 
Possible solution: 
Decrease T2 rate from 20 to 10Hz (will not affect shower triggers ToT etc.). 
 Would require slightly higher threshold trigger, but could be 
compensated  for horizontal showers by a smarter trigger. 
Event compression currently uses « Zip » algorithm. 
 Better algorithms (Fobbonazi compression etc.) produce compressed 
sizes 
 between 1/2 and  2/3   of « Zip ». 
 Intelligent suppression of low gain channels can reduce size about a 
 factor of 2 for the  3 PMTs. 
Total relative effective decrease is therefore a factor 4-5 and compensates the 
increase of event size.  

SDEU CDR - Orsay, 04 February 2015 
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Software: Use Case diagram 
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Software: Operating Modes diagram 
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