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Synchonisation and Trigger 

 
 

- Instrumentation and Coordination Committee 

 

- The MUTANT system  

 

- The GTS system  
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- MOTIVATIONS:  

 To find out and to develop synergies in hardware, firmware and embedded software fields for the 

instrumentation of the SPIRAL2 future detectors 

 

- MEETINGS:  

 9 meetings since 2009 

 3 meetings about trigger and synchronization systems:  CENTRUM, TDR,  BUTIS, MUTANT, GTS 

 

- ICCEWG technical report and recommendations (January 2012) 

1. ICCEWG advises the designers to incorporate the MFM data format. 

 

2. ICCEWG recommends the GTS and the MUTANT systems which will be deployed at GANIL for 

coupling detector instrumentations. 

 

3. Designers can implement interfaces to the GTS or MUTANT system, from the simple trigger less system 

(clock and synchronization) to the full system with all the trigger facilities. 

ICCEWG overview 

Synchonisation and Trigger 
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MUTANT  

Synchonisation and Trigger 

ACTAR TPC detector 

Demonstrator : 

-   2048 channels  

  In-beam test @ GANIL   

 Campaign @ IPN Orsay in 2015 

 

Final Detector 

-  16384 channels in 2016 

-This Synchronization and Trigger system has been developed in the framework of GET instrumentation 

- GET electronics instruments the ACTAR TPC detector 

 On behalf of G.F.GRINYER and G. WITTWER 
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MUTANT 

GET electronics block diagram 

Synchonisation and Trigger 
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ASAD, COBO and MUTANT integration  

Synchonisation and Trigger 

GANIL is the   

μTCA reference  

for the GET project 
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ASAD 

Synchonisation and Trigger 

MUTANT , COBO 
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MUTANT functionalities 

Synchonisation and Trigger 
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MUTANT 

Synchonisation and Trigger 
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MUTANT 

Synchonisation and Trigger 
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MUTANT 

Synchonisation and Trigger 
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MUTANT 

Synchonisation and Trigger 
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MUTANT 

Synchonisation and Trigger 

Scheduled 

Planned 
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Global Trigger  and Synchronisation system 

Synchonisation and Trigger 

Trigger  
Processor 

GTS ROOT 

GTS FANIN-
FANOUT 

GTS FANIN-
FANOUT 

GTS FANIN-
FANOUT 

GTS LEAF GTS LEAF GTS LEAF GTS LEAF GTS LEAF GTS LEAF 

XpressGen2V5 Trigger Processor  

GTS V3 mezzanine 

 

  

Foreword:  

 The GTS has been chosen by GANIL for the instrumentation of 

the EXOGAM detector 

The GTS has been retrieved from the instrumentation of AGATA, the 

European Ge Advanced GAmma Tracking Array detector.  

The GTS was designed by the INFN Padova laboratory.  

 

GTS components:  

Tree topology  

 Hardware: GTS V3 custom mezzanines, COTS Xpress Gen2V5 

Trigger Processor, Optical links, Local Ethernet network  

 Firmware: GTS V3 set up as either ROOT, either FANIN-FANOUT, 

either LEAF  

Software: Embedded software in VxWorks environment, GTS 

command server  

 

GTS functions:  

Synchronization and trigger signals are issued from optically 

broadcasted messages between the digitizers (attached to the GTS 

LEAVES) and the Trigger Processor. In these messages at 2 Gb/s 

speed, the GTS:  

1. drives the recovered 100 MHz common clock  

2. sources the time stamp (48 bits, 10ns resolution)  

3. broadcasts trigger decisions  
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Global Trigger  and Synchronisation system 

Synchonisation and Trigger 

GTS V3 housed in carriers 

4 GTS V3 housed  

in 2/12 NIM module 
1 GTS V3 housed  

In  ATCA  processing card 
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Global Trigger  and Synchronisation system 

Synchonisation and Trigger 

Coupling ancillary detector to the GTS 

AGAVA and GTS V3 mezzanine 
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Global Trigger  and Synchronisation system 

Synchonisation and Trigger 

Current GTS cycle 

GTS clock period = 10ns; Local Latency = 10ns; GTS latency > 10µs    
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Global Trigger  and Synchronisation system 

Synchonisation and Trigger 

Current GTS Trigger Processor 

Trigger Processor VHDL code 

 is implemented in the 

Virtex 5 FX200 

 of the XpressGen2V5 PCI board  

GTS V3 

XpressGen2V5 Trigger Processor  
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AGATA  GTS tree 

AGATA demonstrator: 25 Ge Crystals 

25 core Ge  channels => GTS tree features  38 GTS V3 mezzanines: 

  (25 GTS V3 leaves, 12 FIFOs, 1 ROOT) 

 

AGATA full setup : 180 Ge Crystals 

180 core Ge  channels => GTS tree features  271 GTS V3 mezzanines: 

  (180 GTS V3 leaves, 90 FIFOs, 1 ROOT) 

GTS V3 mezzanines housed in VME carriers  

FIFOs and ROOT 

GTS V3 mezzanines housed in ATCA  cards 

LEAF 

Synchonisation and Trigger 

Global Trigger  and Synchronisation system 
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EXOGAM  GTS tree (full setup) 

Synchonisation and Trigger 

Global Trigger  and Synchronisation system 

-  32 GTS leaves embedded in 32 NUMEXO2 digitizer 

-  18  GTSV3  FanIn-FanOut  

- 1 GTS V3  root 

- 1 GTS  Trigger Processor (under development) 

TRIGGER
PROCESSOR

NUMEXO2

GTS
(root)

GTS
(Fanin-
Fanout)

GTS
(Fanin-
Fanout)

GTS
(Fanin-
Fanout)

GTS
(Fanin-
Fanout)

GTS
(Fanin-
Fanout)

GTS
(Fanin-
Fanout)

NUMEXO2

Embedded

GTS
Embedded

GTS
32 NUMEXO2 modules (with embedded GTS leaf functions)

11 GTS V3 mezzanines

4 GTS V3 mezzanines

Optical link

1

2 3

4 7

8 18

GTS V3 

NUMEXO2 

TP 



  

21 GASPARD Workshop 2015 /  Padova University ITALY /  25th-27th March 2015 /   GANIL CAEN  M. TRIPON 

Synchonisation and Trigger 

Global Trigger  and Synchronisation system 

Drawbacks of the current GTS 

1) One Trigger Request  (detector channel discriminator)  per  optical  link  to the GTS tree 

       =>  EXOGAM2 requirements : 2 TR per optical link 

 

2)     Number of GTS V3 cards in the GTS tree < 255. 

  =>  Number of GTS leaves in the current GTS tree  < 170  

 

3) Total number of TR (detector channel label) < 255 

 => EXOGAM2 requirements: 64 TR 

 => NEDA requirements : > 300 TR 

 

4)    Total number of TR handled by the current trigger processor  < 40 TR 

 => EXOGAM2 requirements: 64 TR 
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Synchonisation and Trigger 

Global Trigger  and Synchronisation system 

GTS upgrade 

Point 1 : 16 TR per GTS leaf connection to the tree 

=> GTS leaf firmware, implemented 16 TR per leaf,  was successfully  NUMEXO2 digitizer leaf   
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Synchonisation and Trigger 

Global Trigger  and Synchronisation system 

GTS upgrade 

Points 2 and 3 : more than 255 TR in the GTS tree 

=> GANIL proposal for a GTS tree migration towards the µTCA  



  

24 GASPARD Workshop 2015 /  Padova University ITALY /  25th-27th March 2015 /   GANIL CAEN  M. TRIPON 

Synchonisation and Trigger 

Global Trigger  and Synchronisation system 

GTS upgrade 

Point 4 : more than 40 TR handled by the Trigger Processor 

 Firmware development ongoing in Virtex 7 

 TP hardware  = Xilinx VC707  housed in custom box 


