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A few plenary sessions: invited talks

Two parallel sessions, talks grouped into tracks:

● ASICs
● Optoelectronics & links
● Power, grounding & shielding
● Production, testing & reliability
● Programmable logic, design & verification tools and 

methods
● Radiation tolerant components & systems
● Module, PCB & component design
● System design, description & operation
● Trigger and timing distribution

Two poster sessions Abstract submissions by topic
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Topics Iʼll focus on today …



Location, Location, Location
Calaserena Village, near Cagliari (Sardinia)

● Resort in Geremeas
○ Very small village, mainly holiday homes & resorts
○ 45 minute drive from Cagliari
○ Surprisingly cheap

■ Out of season — temperature 20 - 25C (from 
my perspective, ideal conference weather!)

● In previous years,  hosted in a city or at least a 
large town. Potential downside of resort?
○ Stuck there all week

■ What if the food is bad?
■ Even worse: What if the bar closes early …

● On the other hand: Private beach!
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Food & drinks
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Photos stolen from closeout slides



Familiar faces
Quite a few people from RAL and ex-PPDʼers

● Dave Newbold
● Luigi Calligaris, Luis Ardila
● Weiming Qian
● Marcus French, Mark Willoughby
● ASIC design team

14



Onto the physics electronics …
Many, many talks & posters ⇒ this summary 
necessarily focuses on what I found interesting (and 
could understand)

Mostly go chronologically:

● Current experiments
● HL-LHC upgrades
● R&D for future experiments

○ DRD / DRD-ish
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Current experiments
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CMS Level-1 Trigger: Anomaly detection
CMS Level-1 Trigger selects 100kHz of bunch 
crossings, making decision within 3.8 µs

● FPGA-based boards connected by optical links
● Calorimeter & muon subsystems: Perform 

reconstruction of relevant objects
● Global trigger: Applies menu of trigger paths = 

single-/multi-object kinematic & quality cuts

Recent development: Detect ʻanomalous events ,̓ by 
implementing autoencoder neural network in 
Global Trigger  
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CMS Level-1 Trigger: Anomaly detection
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GNNs in an FPGA @ sPHENIX
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Target: 5µs



GNN in an FPGA @ sPHENIX
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HL-LHC upgrades
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Serenity
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A common solution 

● Single backend board design used in tracker, 
HGCal, level-1 trigger, MTD, BRIL.   > 700pcs

● VU13P FPGA with 124x bidirectional optical 
links (25Gb/s for backend) 

Beyond the hardware …

● Boards provided with common infrastructure 
FW & SW — everything apart from the 
system-specific algorithm firmware
○ Focus of effort at RAL

Collaboration of 8 institutes (UK, Germany, France, 
Italy, India, China) formalised: Serenity consortium



31



Serenity
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Serenity
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Serenity
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Samtec FireFlys
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Samtec FireFlys
Used extensively in HEP backend electronics

● Custom module for frontend links (i.e. lpGBT)
● 28Gbps parts used for sending data between 

backend boards
○ 4-channel bidirectional modules

■ Worked fine for several years
○ 12-channel unidirectional modules

✓ Same footprint as frontend parts
➢ Issues encountered with beta TX parts (Jul 22)

● Some channels died during qualification
● Traced to VCSEL (another company)

■ Samtec rep. gave comprehensive summary 
of source of problems at TWEPP 
● VCSEL fixed; Samtec improved their QA.

■ Testing new parts on Serenitys right now!
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ATLAS Global Common Module (GCM)
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CMS Level-1 Trigger
● Decides which events should be read out
● Further selection downstream by HLT

Challenges for phase-2

● Luminosity: 1.5 → 7.5 x 1034 cm-2s-1

● Pile up: ~ 60 → 200
● Design goal: Retain the same thresholds

○ Extend acceptance for some final states (e.g. LLP)
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CMS Level-1 Trigger (2)
Phase-2: Meeting the challenge

● Specification: A bit more breathing room ...
○ Latency: 3.8 → 12.5 microseconds
○ Max. accept rate: 100 → 750 kHz

● Inputs
○ Finer granularity
○ Particle trajectories from tracker (NEW!)

✓ Identify primary vertex
✓ Particle-flow-style reconstruction

● Re-build system using latest technology
○ UltraScale+ FPGAs

✓ More flip flops , LUTs, RAM, I/O …
○ Optical links: 10 → 25Gbps
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CMS Level-1 Trigger: Phase-2 architecture 
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Correlator
Combines information
from all detectors using
particle-flow-based reco./ID 
algorithms → electrons, 
photons, tau, jets & sums 

Independent subsystems
for calorimeter, muon & 
tracker inputs



CMS Level-1 Trigger: Integration tests
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The subject of my poster

● Final system: O(200) boards of 4 designs, 
implementing 20 algos, connected by several 
thousand links

● Factorise testing via well-defined I/O interfaces
○ Fully validate algorithms first in single-board tests

✓ Extensive tests of link protocol (error injection)
✓ Verified most algorithms in single-board tests
✓ Several multi-board slice tests performed
✓ Latency currently 8.6 µs, less than 9.5 µs target
✓ Online SW: Already very mature

○ Reliably controlling several boards — incl. for 
several of the slice tests
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CMS 40MHz scouting

49



CMS 40MHz scouting

50



CMS 40MHz scouting
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COTSATCA



CMS 40MHz scouting
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CMS 40MHz scouting
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Di-muon invariant mass distribution, after
recalibration of L1T muon pT estimate

GMT muon occupancy per bunch crossing for barrel 
muons, matching filling scheme.



Longer-term R&D
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ASIC design verification for HEP
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ASIC design verification for HEP

65



66

28nm IP development programme
RAL TD contribution to CERN common IP library

+ bandgaps, reference drivers, DACs, 1Gbps serializer, …
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RISC-V: Fault tolerance via triplication
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RISC-V: Fault tolerance via triplication

73

SEFI = Single Event Fault Interrupt

Benefits of
triplication
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RISC-V: SEU detection
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RISC-V: SEU detection
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Any questions?



CMS Level-1 Trigger: Anomaly detection
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