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COMPASS experiment

COMPASS experiment
I fixed target experiment at SPS accelerator at CERN
I study of hadron structure and hadron spectroscopy with

high intensity muon and hadron beams
I data-taking started in 2002
I trigger rate up to 50 kHz, event size 35 kB average
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COMPASS experiment

Hardware/Software structure of the old DAQ
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Hardware/Software design of the new DAQ

Hardware/Software structure of the new DAQ

I 8 new servers
2x8 core CPU
3.6 GHz

I 32 TB disk
pool

I 8 HDD in
RAID 10 per
server

I full events
received by
servers

CERN inner networkCERN inner network

CASTOR

HGeSiCA 

modules

HGeSiCA 

modules

FPGA/SWITCH

64-120x Slinks

(8-15 Slinks

per card x 8 cards)

C
O

M
P

A
S

S
 i
n

n
e

r 
n

e
tw

o
rk

CATCH

modules

CATCH

modules

Gandalf

modules

Gandalf

modules

......

8x SLink

8x SLink

~1000 links

C
O

M
P

A
S

S
 T

ri
g

g
e

r 
C

o
n

tr
o

l 
S

y
s

te
m

C
o

n
tr

o
l 
n

e
tw

o
rk

IPBus

FPGA/MUX
IPBus

FPGA/MUX
IPBus

FPGA/MUX
IPBus

FPGA/MUX
IPBus

FPGA/MUX
IPBus

FPGA/MUX
IPBus

FPGA/MUX
IPBus

FPGA/MUX
IPBus

GatewayGateway

Slave

MUX-Slave

SWITCH-Slave Slave

DB

MUX-Slave

Slave

Master

MUX-SlaveMUX-Slave

Slave
Slave

MUX-Slave

Slave Slave Slave

MUX-Slave MUX-Slave MUX-Slave

10Gb/s router

Slink 

multiplexers 

2-4 SLinks

Slink 

multiplexers 

2-4 SLinks

TIGER VXS data 

concentrators

 (up to 18 links)

~250 Modules

28 VME crates...... ...... ......
...... ......

Frontend cards (~300k channels)

............ ...... ...... ...... ...... ...... ......

8 readout 

computers 

~32 TB disk 

pool

Josef Nový CTU Prague, CERN

FPGA based data acquisition system for COMPASS experiment



Introduction Development of the new DAQ Summary References

Hardware/Software design of the new DAQ

Communication diagram
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Hardware/Software design of the new DAQ

MX/SW module for the new DAQ
I AMC module, ATCA standard
I VIRTEX6 XC6VLX130T FPGA
I 2 GB DDR3
I Module programmed as

MX (15:1) or SW (8x8)
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Hardware/Software design of the new DAQ

Used technologies

I C++, Python
I Qt framework
I MySQL
I Distributed Information Management System
I DATE (Data Acquisition and Test Environment) data format

Josef Nový CTU Prague, CERN

FPGA based data acquisition system for COMPASS experiment



Introduction Development of the new DAQ Summary References

System tests phase 1 - communication tests

System tests phase 1 - communication tests
I DIM communication tests
I basic GUI design
I state machine design
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System tests phase 1 - communication tests

DIM speed test
I new DAQ message format and random payload
I more than sufficient performance
I 1 kB messages → 92 kHz rate
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System tests phase 1 - communication tests

DIM stability test

I 24-hours test
I maximum message

exchange rate
I 2 DIM clients/producers
I 1 DIM server/consumer
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System tests phase 1 - communication tests

State machine design

I reworked state
machine design

I four types of states
I error tolerant run
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System tests phase 1 - communication tests

Run control GUI prototype
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System tests phase 1 - communication tests

MessageBrowser
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System tests phase 2 - readout tests

System tests phase 2 - readout tests
I 2xPCI-express spillbuffers
I fixed size events generated by HGeSiCa
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System tests phase 2 - readout tests

Readout speed test
I readout speed limited by SLink transfer speed
I final DAQ with 8 spillbuffer cards speed up to 1200 MB/s
I maximum CPU usage around 40% with 4 core 2 GHz

Xeon E5405

Figure : 2 PCI-X spillbuffer readout speed
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Future system tests

System tests phase 3
I new hardware module
I new input data format
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Future system tests

System tests phase 4
I hardware event building
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Summary

I System tests phase 1 - communication tests → DONE
I System tests phase 2 - readout tests → DONE
I System tests phase 3 - FPGA/MUX test → autumn 2013
I System tests phase 4 - FPGA/SWITCH test → winter 2013
I Full scale system test → spring 2014
I Pilot run → autumn 2014
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