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Che cosa e' RETINA
 Progetto nato entro i gruppi LHCb-Pisa e LHCb-Milano.

 Motivazione: ricostruzione di tracce in tempo reale a 40MHz. 

 Come: utilizzare un nuovo algoritmo di tracking, completamente 
parallelo, per realizzare tracking a bassa latenza e alto throughput. 

 Target iniziale: migliorare le prestazioni del trigger di LHCb.

 Simulazioni software promettenti → occorre prototipo hardware

 Perche' una iniziativa di CSN5:

- LHCb ha chiuso lo R&D per l'upgrade (2020), con la scelta di 
soluzioni piu' convenzionali e gia' ben sviluppate, prima che il 
nostro progetto potesse arrivare a maturazione.

- Il nostro progetto e' generale e non finalizzato a un esperimento 
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Perche' e' un challenge

 The task of L0 tracking at LHC appears daunting despite 
the progress of electronics – cannot just count on Moore...

 Any complex tracking has required > O(103) clock 
cycles/event (both in latency and throughput)

 No known example of a system making a non-trivial 
pattern reconstruction in O(25) time units

Name %Tech. Exp.% %%%%Year Event%rate %%clock cycles/event latency

%%XFT %FPGA CDF?L1 %%%%2000 %%%%2.5%MHz 200%MHz %%%%%%80 4µs

%%SVT %AM CDF?L2%%%%%%%2000 %%0.03%MHz %%40%MHz %%~1600 <20µs

%%FTK %AM ATLAS?L2%%%%2014 %%%0.1%%MHz%%%%%~200%MHz %%~2000 O(10µs)

Compare%with%the%requirements%of%a%L0@LHC:

%%%!? !!!!!!?!!!!!!!!LHC&L0!!!~2018!!!!40MHz!!!~1GHz!!!!!!!!!!~25 !few!µs
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Back to today's reality:
Tested on a realistic LHC detector geometry 

 Benchmark based on LHCb upgraded VELOPIX detector
 Picked a 6-layer telescope + 2-layer strip detector (UT)
 Motivation: a “significant piece” of the tracking process
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Mapping of detector to a receptor cell array

 Intersection of “base tracks” with 
detectors gives a map of “nerve 
endings”

 Every hit on the detector 
produces a signal on nearby 
receptors, depending on 
distance

 I skip on several subtleties. For 
instance, effective operation 
require distribution to be non-
uniform.

 (not unlike the distribution of 
photoreceptors in visual system – 
but it is all virtual in our case, that 
is, implemented in the electronic 
network connections)
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Simulated retina response on LHCb full-MC

Acceptance
region

MC track

Cell activation level

 Colors show activation levels of the 50k retina cells
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IMPLEMENTATION
STUDIES





FPGA Implementation Studies
 Target high-end FPGA devices.

 Large I/O capabilities: now O(Tb/s) with optical links !
 Large internal bandwidth – a must !
 Fully flexible, easy to program and simulate
 Steep Moore's slope, and easy to upgrade
 Highly reliable, easy to maintain and update
 Industry's method of choice for complex project with a small number of pieces 

(CT scanners, high-end radars...)

• Start with current, modest cost FPGAs:
– Altera Stratix III devices, with 200 LE
– Chose to use NA62 DAQ boards “TEL62”, developed by NA62-Pisa
– Use both for demonstrator AND data feeder at high speed !

• Easy to procure, and expertise on hand: installed in next run!
• Produced by INFN-Pisa: software, expertise, etc

– Build a silicon telescope, to demonstrate a real detector with cosmic

– After gaining experience, move to new generation (Altera gen 10)
→ more expensive, but more powerful: run clocks close to 1GHz. 
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Plan
 Fase 1 (2015) Preparazione setup di test e prototipo con 

schede TEL62 a PI, e realizzazione di dimostratore basato su 
rivelatori a silicio e TEL62 e sistema di test a MI.

 Fase 2 (2016) Test di prototipo a PI con dati simulati a 1MHz. 
Test di dimostratore con dati simulati e con raggi cosmici a MI.

 Fase 3 (2017) Costruzione di piccolo prototipo a full-speed 
(40MHz) a PI. In caso di risultati positivi, assemblaggio e test di 
prototipo di maggiori dimensioni per run a test-beam, o 
parassitico in presa dati di un esperimento LHC.




