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Trigger and DAQ 
at FCC-ee



The FCC-ee TDAQ Challenge
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Z-pole most challenging experimentally: 

● 100 kHz physics rate, ~200 kHz including backgrounds

● 25 ns bunch spacing (40 MHz BX rate) → only about 1 in 200 is a physics event

● No pileup / no underlying event (pile-up parameter ~2.5×10⁻³)

Mogens Dam, TDAQ Workshop

https://indico.cern.ch/event/1583755/contributions/6727393/attachments/3168379/5631554/TDAQworkshop_251106.pdf


The FCC-ee TDAQ Challenge
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Precision EW programme demands: 

● trigger efficiency uncertainty negligible vs luminosity: δR/R ≃ 2×10⁻⁵ 
● same dead time for all event types → EW precision relies on ratio of events

● Trigger bias control to 1 part in 10⁶

Mogens Dam, TDAQ Workshop

https://indico.cern.ch/event/1583755/contributions/6727393/attachments/3168379/5631554/TDAQworkshop_251106.pdf


Trigger or Streaming Readout?

Three options: triggerless/streaming, minimal trigger, classical triggered
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Steven Schramm, FCC Week

First question: Can we do it? 

https://indico.cern.ch/event/1588696/contributions/6875340/attachments/3207192/5711289/StevenSchramm-FCCee-TDAQ-Workshop.pdf


Can we? Yes. Is it optimal?

Compare triggered HL-LHC (ATLAS/CMS) vs FCC-ee T/DAQ relevant quantities
● Assume a single HL-LHC event is 4 MB, and a single FCC-ee event is 0.2 MB

● Assume the full FCC-ee physics rate at the Z pole is 200 kHz
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Steven Schramm, FCC Week

● HL-LHC DAQ hardware is capable of FCC-ee streaming readout 

● Streaming means more material & power on-detector → may degrade physics

https://indico.cern.ch/event/1588696/contributions/6875340/attachments/3207192/5711289/StevenSchramm-FCCee-TDAQ-Workshop.pdf


Elephant in the room: Beam Induced Backgrounds

● IPC is the largest irreducible. Mostly very soft (1–2 

MeV), only a small fraction reaches detector in 2T 

field but enough to dominate vertex detector 
occupancy. Typically ~30 hits on the first vertex 

layer per BX → hit rates of ~70 MHz/cm²

● SR can saturate the innermost vertex layer if 

shielding/masks not optimized

● Top-up injection: up to 1% of full beam intensity 

replaced every 10 seconds, 12% of injected beam 

lost around ring
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TDAQ Workshop
FCC Week 2026 

Several sources of beam-induced background: incoherent pair creation (IPC), synchrotron 

radiation (SR), top-up injection losses, beam-gas, beam halo

https://indico.cern.ch/event/1583755/contributions/6727413/attachments/3169104/5633351/FCCee%20TDAQ%20workshop%20summary.pdf
https://indico.cern.ch/event/1552126/contributions/7126066/attachments/3290812/5884075/TDAQ_FCCWeek_09062026.pdf


Occupancy: The innermost layer drives it all

Vertex detector innermost layer dominates across all concepts: driven by incoherent pair creation (IPC)
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First-layer IPC hit rate down to 

● ~70 MHz/cm² (avg), 

● ~100 MHz/cm² (module max)  

reduced from ~140/170 on the GHC optics

VXD disks & silicon wrapper: ≥ 10× lower

But: not all background sources included 

yet, not all concepts at the same stage, 

estimates can vary by ×10 depending on 

assumptions (cluster size, safety factors, 

noise thresholds, which optics)

IDEA/ALLEGRO stave-based VXD, 2 T, 

(Newest) LCCv106 beam optics

FCC Week 2026 - Armin Ilg

https://indico.cern.ch/event/1552126/contributions/7128843/attachments/3290966/5884415/Vertex%20backgrounds_FCC%20Week%202026_Armin%20Ilg.pdf


SR: the new elephant in the room?

First large SR samples → SR can now be properly evaluated for the first time. 

Two concepts, same warning
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FCC Week 2026 - Daniel Jeans

IDEA/ALLEGRO

SR halo (outermost ~1% of bunch): >10 GHz/cm² in the VXD barrel.  

This is orders of magnitude above the IPC rate!

● SR photons survive through the beam pipe, deposit above 

threshold; raising threshold doesn't help

● Partly-insensitive sensor buys ~×3 (halo), not a fix

ILD 
TPC, optics LCC v106.2 @ 91 GeV. 

ILD_FCCee_v01

New MDI description show modest 

improvement for some sources, but 

no change for dominant SR

SR HALO SR HALO

https://indico.cern.ch/event/1552126/contributions/7128849/attachments/3292819/5888358/FCCweek2026-jeans.pdf


Readout, Sensors, and Physics are one coupled problem
Beam backgrounds ↔ MDI ↔ sensor design ↔ readout

We cannot optimise in isolation (bandwidth, hit rate, and resolution are all intertwined)
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● Material sensitivity: adding service material in the vertex region 

degrades σ(pT) by ~25–50% (see above 4 mm Al study, IDEA)

● Geometry  & charge sharing goes both ways: 

○ moving layers closer improves impact parameter but raises hit rate

○ bigger clusters → better resolution but more bandwidth 

These trade-offs freeze into the front-end early

FCC Week 2026 - Thorsten Wengler

https://indico.cern.ch/event/1552126/timetable/?view=standard#231-overview-of-occupancy-stud


Realistic digitisation: the tools to actually decide

Occupancy, data-rate and readout numbers are only as good as the digitisation behind them. 

A coordinated FCC effort now provides two complementary digitisers (to be merged into one Gaudi algorithm):

● Projection-based: simple, technology-agnostic, minimal parameters; general use; merged & tested in CLD

● LUT-based: maximum precision; sensor-design & BIB hit-rate studies; merge in progress

Together they span everyday physics studies → expert sensor/layout optimisation, also feeding realistic data rates
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sharing the charge deposited in the 
sensor across neighboring pixels

FCC Week 2026 - Jona Dilg

https://indico.cern.ch/event/1552126/timetable/?view=standard#257-silicon-sensor-digitizatio


Plans & Priorities

Too early to fix a TDAQ design, but the groundwork is being laid now:

● Occupancy & bandwidth database: collect TDAQ-relevant numbers consistently across all 

concepts, as optics & layouts evolve building on the Google Sheets

● Refined background simulation: newest optics (LCC), updated IPC & SR samples, realistic 

digitisation feeding the numbers

● Hardware, via DRD7 light-weight/high-throughput readout links (silicon photonics, wireless), 

timing distribution, on-detector/on-FPGA ML

Common TDAQ(base) functions needed regardless of trigger choice: 

zero-suppression at source, timing distribution, bunch-crossing ID, unstable-bunch veto

Commonality is the priority! We solve the same problems across concepts
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FCC Week 2026 - Thorsten Wengler

https://docs.google.com/spreadsheets/d/13tztOHZzISJk8RRxsn5gES2AxukquaA_7dGI2ui1mKU/edit?usp=sharing
https://drd7.web.cern.ch
https://indico.cern.ch/event/1552126/timetable/?view=standard#231-overview-of-occupancy-stud


Summary

Moving the physics data is a solved problem: the rates are modest vs HL-LHC. 
The open questions are: can we survive the background rate, and what's the optimal operating mode 

given material/power/selection trade-offs?

Backgrounds drive it: 
● IPC sets the innermost-layer occupancy (~70 MHz/cm², newest optics); 
● SR halo is the new open question (~GHz/cm², both IDEA/ALLEGRO and ILD)

Readout couples to detector design: bandwidth, hit rate and resolution are intertwined, and choices 
freeze into the front-end early

The tools are getting realistic: per-pixel & LUT-based digitisation now let us decide on physics terms, not 
guesses

The optimum will shift with readout & detector R&D so we build common foundations now
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