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WP 2.7 – Our Team
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Our (2024) team is finally complete! May we introduce to you …

2025

Background image: Ben Gibson/NASA/Pablo Carlos Budassi/Big Think
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Taking over from Anna in 2025!

Welcome to Arantxa!



WP 2.7 – Introduction and Motivation
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Enhance TDAQ for the HL-LHC using ML-based event selections, advanced acceleration 
technologies, enabling richer data collection and more sensitivity to new physics

The HL-LHC will be the last hadron collider at comparable energies for 
decades; make the most of it: What we don’t record is lost forever

WP 2.3

WP 2.2

WP 2.1

WPs 2.4, 
2.5, 2.6

WP 2.1

WP 2.7

WP 2.2

WP 2.7
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Characterize potential gains to 
select key signatures for 
implementation, emulate ideal 
trigger performance, and 
establish a dynamic bandwidth 
allocation framework

Implement prototype trigger 
signatures with offline-like 
reconstruction, refine physics 
performance estimates, optimize 
algorithms for sensitivity, and 
evaluate dynamic tuning

Fully implement trigger 
signatures with enhanced EF 
reconstruction, utilize 
developments from other tasks, 
and assess dynamic tuning 
support for existing triggers

Finalize and deploy trigger 
signatures, optimize dynamic 
menu and algorithm features, 
and fine-tune computational 
performance

Timeline and Milestones

2025

2026

2027

2028

– Four more years of exciting Research & Development ahead of us!

Identify use-cases for enhanced 
EF reconstruction by assessing 
current and new physics 
scenarios

2024

4
NextGen

https://lhc-commissioning.web.cern.ch/schedule/LHC-long-term.htm


Collected existing experience in the collaboration through a 
survey
• embedded in ATLAS TDAQ PPES* group 
→ feedback from analysis teams concerning trigger limitations

Look in two directions: From physics to signatures as
well as from signatures to physics applications

Leaving no stone unturned: 
Baseline processes for our studies

* 
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Second main pillar within NextGen: 
Opportunity for close collaboration with WP 1.6
• 2024: initial meetings & discussions, more in 2025! 



Di-Higgs
● Rare process – essential to characterize self-coupling of the Higgs

→ Fundamental parameter of the Higgs potential

● Recent advances: Potential for HH at HC-LHC beyond original 

expectations → Need triggers to make the most of it

Identifying Interesting Physics Scenarios

Exotic signatures
● In WP 2.7, we are particularly interested in non-standard signatures in the 

detector that require novel trigger concepts

● Particularly interested in exotic final states
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Identifying Interesting Physics Scenarios

● Many BSM / exotics searches (e.g. dark matter mediators) limited 
by available trigger bandwidth

● If we can not reduce trigger rate: Reduce event size

● Baseline TLA workflow only stores lightweight high-level information from 
trigger reconstruction (HLT-jets, -photons, -muons, etc.)

● TLA Mechanism stores robust information sufficient for analysis, including 
information about shower profiles and isolation variables
→ But not designed to allow full “offline” reconstruction from low-level information

● TLA triggers operate in Run 3

How to do TLA

– Trigger Level Analysis 

7Main Stream TLA Stream

EventFilter

Level0



Identifying Interesting Physics Scenarios
– Trigger Level Analysis 

● Major upgrades between Run 2 and Run 3 - objects are saved from the HLT in the form of trigger level jets, b-jets and 
photons

● Major TDAQ upgrades will give us an exciting opportunity to exploit a 
heavyweight physics programme, with new ways to explore TLA

● L0-TLA use case being evaluated

● Assessment of the L0-TLA and EF-TLA physics cases with sensitivity studies
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● Updated Trigger Menu to reflect physics priorities of ATLAS, hoping to further analyses probed by TLA in Run 2 (e.g. 
arXiv:1804.03496)

Main Stream TLA Stream

EventFilter

Level0

https://arxiv.org/pdf/1804.03496


Extensions to the Run-4 Menu & Rate Predictions
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Our main objective is to extend the Run-4 trigger menu to 
increase the physics reach of the LHC Phase-II program

Initial focus on jet triggers for Di-Higgs, other (exotic) will follow soon

We started to extend the Run-4 baseline menu (based on TDAQ TDR) 
→ Addition of new trigger chains to profit from latest developments during Run 3

Simulation of Di-Higgs (with various BSM couplings) and Di-Jet events ongoing for different pile-up conditions



Developing fast emulation tool to evaluate triggers without full menu simulation
• Use of modified offline reconstruction as proxy for trigger reconstruction 
• Fast and flexible definition of prototype triggers

For early characterization of trigger ideas: 
Run the tool for signal (e.g. Di-Higgs / exotic signatures) and multijet background 
• Derive rate and efficiency estimates as function of trigger parameters
• Iterate quickly before testing findings in full trigger simulation

Trigger Emu Tool

Signal process of interest

Trigger Emulation 
Tool

Dijet

Plotting

Trigger Emulation Tool 
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illustration of concept

Full ATLAS trigger simulation

iterate



Trigger Emulation Tool

Var

Hub

Trigger Emulation

Ana

Trigger analyzer

Input (AODs)

Output (ntuple)

“EF_var…_L0_var”

Some general configuration (event cleaning etc.) 

User schedules algorithms that 
add variables to trigger service. 
Those variables are part of the 
trigger chain(s) (EF_var…_L0_var) 
that are to be emulated.
Can include ML discriminants

Emulate two-level structure as 
in ATLAS trigger. First and 
second level use different 
objects to mimic conditions at EF 
and L0 as closely as possible

EF collection “name”

L0 collection “name”
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Calculate efficiencies etc.; get trigger decisions; 
bypass all variables from step 2 to final NTuple

Can also schedule analysis-
related algorithms to calculate 
variables (like mHH) 

Variables defined here go directly 
to final NTuple; can be correlated 
against trigger decision (e.g. mHH 
vs.  trigger acceptance

= Athena algorithm(s)
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NGT Studies beyond Run-4 – Trackless b-tagging

ATL-TDR-030 · LHCC-2017-021

The innermost two layers of the ITk must (quote) „[…] be 

replaced after part way through the HL-LHC program.“

● Assuming new ITk pixel sensors would provide timing 
measurement (starting ATL-PHYS-PUB-2023-023 where 4D 
tracking was studied) to help discriminate signal from pile-up hits

● Assuming a new readout technology that would allow to read the 
new Innermost Layers at a rate > 1MHz

● R&D question: Feasibility of b-tagging mechanism before EF 
using L0-L1 trigger scheme? 
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https://cds.cern.ch/record/2870326?ln=de


WP 2.7 – Plans for 2025
Implement prototype trigger 
signatures with offline-like 
reconstruction, refine physics 
performance estimates, 
optimize algorithms for 
sensitivity, and evaluate 
dynamic tuning

2025

Identify use-cases for 
enhanced EF reconstruction by 
assessing current and new 
physics scenarios

2024 2026

Characterize potential gains to select key 
signatures for implementation, 
emulate ideal trigger performance, and 
establish a dynamic bandwidth allocation
framework

2025

● Make final decision on baseline processes and key 
signatures and start developing prototype chains

● Emulate trigger performance (signal acceptance & 
background rejection) and estimate trigger rates

● Start investigating dynamic bandwidth allocation

● Investigate TLA and other real-time analysis methods
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● Main objective of WP 2.7 is to extend the Run-4 trigger menu to increase the physics reach of the HL-LHC

● Priorities of 2024: hiring, building tools, integration into ATLAS, Identify interesting signatures/processes

● First processes and signatures have been identified; simulation of samples initialized

● Currently investigating physics potential of TLA and different techniques like anomaly detection

● First modifications to Run-4 trigger menu for preliminary trigger rate and acceptance studies

● Feasibility study of trackless b-tagging beyond Run-4 

● Finalize baseline processes and key signatures 

● Emulate trigger performance (signal acceptance & background rejection) and estimate trigger rates

● Start developing a dynamic bandwidth allocation framework to automate calculation of pre-scale factors
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