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Part-I
• LHC Computing and scale   
• Landscape of research software projects .     
• Advancements in platforms and architectures.      
• Languages and software engineering.  

 
 Break: Questions and discussion    
Part-II

• Real-Time analysis (online)   
• GPU programming.    
• AI and future     

 End: Questions and discussion  

Overview:  
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Triggers and Real-Time (online) analysis
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Real-Time Analysis (online) Ref: CERN Courier Mar 2023
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https://cerncourier.com/a/lhcb-looks-forward-to-the-2030s/


Real-Time Analysis (online) Ref: CERN Courier Mar 2023
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TODAY

https://cerncourier.com/a/lhcb-looks-forward-to-the-2030s/


Real-Time Analysis (online): CMS Trigger Run3 CHEP24

Algorithms for the Level-1 trigger
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https://indico.cern.ch/event/1338689/contributions/6076477/attachments/2951258/5187820/241021_CHEP2024_Folgueras_vfinal.pdf


Real-Time Analysis (online): ATLAS ACTS
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Real-Time Analysis (online): ATLAS
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Real-Time Analysis (online): ATLAS
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Real-Time Analysis (online): ATLAS
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Real-Time Analysis (online): ATLAS
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➢ At high luminosities, hardware trigger cannot cope with 
the event rate and starts rejecting interesting events.

➢ Need to study properties of events in real time of collision.

Real-Time Analysis (online): LHCb
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we have to be also very 
careful with what we 
dismiss..

What to keep and what to discard ?

Real-Time Analysis (online): LHCb
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➢ Need to reduce the event size 
Instead of raw data from the detector, store only the 
relevant information of interesting events. 

➢ Need to reconstruct and analyse the events to 
select them in real time.

Real-Time Analysis (online): LHCb
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LHCb Run2 HLT1 trigger configuration

Real-Time Analysis (online): LHCb
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Computing Infrastructure: Storage, Networks, and Grid. 

• At the end of Run2 (2018) 
HLT2 was processing ~68 
events /s on a single node.

• i.e  in order to process 30 
million events / s , we 
would have needed 
about 4,41,176 such 
nodes (CPU)

     ~ $ 80 M

• Total budget of LHCb 
Upgrade-I for Run3 
(including everything)  

      ~ $ 58 M

Real-Time Analysis (online): LHCb
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HLT1 Data reduction 
of  factor of ~ 20 - 40

HLT2 Data reduction 
of Factor of ~400 

HLT1: Partial reconstruction of charged particle trajectories and few simple selection lines 
HLT2: Full reconstruction and selection based on different decay chains and signatures 
 Must reduce without the loss in fidelity 17

Real-Time Analysis (online): LHCb
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18

Real-Time Analysis (online): LHCb
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Real-Time Analysis (online): LHCb algorithms: HLT1 sequence (Run-3)

[Allen, Com. Softw Big Sci 4, 7 (‘20)]
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Track reconstruction (Tracking) 

What
➢ Tracking deals with converting the signal from a subdetector (hits, 

clusters…) into a trajectory.
➢ Roughly speaking, two phases: pattern recognition and track 

fitting

Why
➢ We need to reconstruct trajectories of particles in our detector to:

➢ Build vertices, measure decay topologies;
➢ Measure momenta → measure invariant masses, angular 

variables (so… do physics).

Real-Time Analysis (online): Tracking
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CERN-THESIS-2023-249

10.3389/fdata.2022.1008737

Real-Time Analysis (online): Tracking
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Real-Time Analysis (online): Tracking
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Kernel function 1:
128 SciFi seeds per thread block

● Filtering used SciFi seeds 
● For each input SciFi seed, 

extrapolate to last x layer 
(UTbX)

● Store up to 10 best 
candidates

● Update slope of each 
candidate using magnet 
point and hit position.

Algorithm is divided into 3 main kernel functions: 

Kernel function 2:
256 candidates per thread block

● Add hits from rest of the UT 
layers 

● Find best combination of 
U/V hits 

● Compute the scores based on 
distance b/w extrapolation 
and real UT hit positions 

Kernel function 3:
256 candidates per thread block 

● Find best candidate based 
on the scores from previous 
function 

● Check for hit duplication 
● Perform ghost killing 

Prepare output:
● Copy hits and tracks to output (compact SOA container)
● Create standard multi-event viewer

256 cand: Limited by 

shared memory size

(realmente podriamos 

tener hasta 10*128 

candidatos) 

 

Why there’s not 

enough memory?

We use shared 

memory for hit 

caching, and only 

have 48kB shared 

memory per block in 

RTX A5000

Score:

Dist(hit0)^2+Dist(hit3)^

2+[ 

Dist(hit1)+Dist(hit2) 

]^2

Real-Time Analysis (online): Tracking
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● A single hidden (14 nodes) layer fully connected NN

● It utilizes 8 variables as input:

○ Downstream track state (x,y,tx,ty,q/p, 𝓧2)

○ SciFi track properties (q/p, 𝓧y
2)

● The model was trained using    events.

● In order to boost speed, certain C++/CUDA tricks are applied, 

such as using static structs, employing fast math 

functions, and unwinding for-loops.

static structures:  avoid 

the memory allocate in 

the run-time(fixed) 

__fdividef | f/f

__expf 

Expanded for-loops 

(max 76)

C++ template function 

Runtime -> Compilation 

time

Objetivo disminuir 

runtime

tecnica

x

y

tx

ty

q/p

chi2

SciFi q/p

SciFi chi2

Real-Time Analysis (online): Tracking



Ghosts  < 20% !

Real-Time Analysis (online): Tracking
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10.1140/epjc/s10052-024-12906-3

Real-Time Analysis (online): Tracking

15/06/2026 26

https://link.springer.com/article/10.1140/epjc/s10052-024-12906-3
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GPU programming
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- Full Hands-on GPU tutorial with examples  - Course repo
- Where to get GPUs ? - https://colab.research.google.com

- Using GPUs on the cloud for free, based on Jupyter and Python.

https://github.com/brij01/HSF-India-GPU-IISER-Pune-2026
https://colab.research.google.com/
https://colab.research.google.com/


Session 1:   Introduction: Parallel programming and CUDA C/C++ 
           Exercise notebooks in  01, 02

➢ Parallel programming 

➢ Hardware architectures and GPGPUs 

➢ Programming languages and libraries 

GPU session:  
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GPU session:  
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Session 2:  Advanced concepts and exercises:
          Exercise notebooks in  03

Session 3:  Python on GPU Intro and HEP exercises 
- Data analysis Python GPU – 04, 10
- CuPy and Numba examples – 04, 10 
- Physics Generators -  05
- MC Simulation - 07
- Reconstruction Neural Network - 08



GPU programming: a refresher 

Ways to speed up an application:

– Reducing the complexity of the 
algorithm.
– Increasing the speed and 
capacity of the computing 
medium: clock frequency.
– Searching for tasks within the 
application that can be performed 
in parallel.
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Concurrency vs. Parallelism
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• Two important definitions:

• Concurrency: A condition of a system in which multiple tasks are active and 
unordered. If scheduled fairly, they can be described as logically making forward 
progress at the same time.

• Parallelism: A condition 
of a system in which 
multiple tasks are 
actually making forward 
progress at the same 
time



Concurrency vs. Parallelism
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GPU programming: a refresher 
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Advancements in platforms and architectures.
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~ 20 Watts
~15 mW/cm³
~ 86 billion neurons  and 
~100–1,000 trillion synapses

GPT3

~175 billion parameters (synapses)

~But only ~96 layers × thousands of units per 

layer ⇒ maybe a few million neurons, tops.



Language Cuda OpenAcc HIP

GPGPU languages: Concepts are same, terminologies are different
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Performance portability layer 

• Single source compilation: backend 
selection header-only library

• Other examples are ALPAKA, CUPLA, OneAPI  
etc etc…. 



GPU programming: a refresher 
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GPU programming: a refresher 
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GPU programming: a refresher 

15/06/2026 40



GPU programming: a refresher 
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GPU programming: a refresher 
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GPU programming: a refresher 
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GPU programming: a refresher 
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GPU programming: a refresher 
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Programmers view Hardware view​

GPU programming: a refresher 
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Architecture: GH100 Full GPU with 144 SMs
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Single 
Streaming 
Multiprocessor 
(SM)



7. Future ?

15/06/2026 48



https://iml-wg.github.io/HEPML-LivingReview/Generative AI
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https://iml-wg.github.io/HEPML-LivingReview/
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AI and physics performance 

• Machine Learning (ML) / Deep Learning 
(DL)  models in production in HEP since 
years 

• The models are more and more 
optimised for better physics 
performance

• Not necessarily impactful in terms of 
distributed computing

• Generally, no need for special hardware 
and/or facilities

• No obvious speedup or improvement in 
computing performance    
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Flavour Tagging (ATL-PHYS-PROC-2024-081)



AI and computing models
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VBF H→ 𝝁𝝁

• CMS FlashSim: end-to-end simulation 
with generative AI

• From Generation to nanoAOD

• Orders of magnitude faster than Full 
Simulation - precise number irrelevant

• Goal: accuracy “good enough” for 
analysis

• => Simulation could become “on-the-fly”

From ML/AI there is potential for groundbreaking Computing Models evolution   



AI and computing facilities
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TODAY: 
training on 
HPC centers

TODAY: 
inference as a 
service

TOMORROW: Foundation Models => AI Factories

From the WLCG Heterogeneous Arch. WORKSHOP

• Learn optimized data representation

• Adapt to multiple tasks

• Trained on large scale, multi-modal data sets

https://indico.cern.ch/event/1526077/


How Large is Large?

53

Interactive Parameter Size Map
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https://ourworldindata.org/grapher/artificial-intelligence-parameter-count?time=1950-07-02..latest
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Wait, did you say 
“Agent”



Agents of Discovery

56

This was released in August 2025
• Note they already have a sophisticated feed back 

loop to execute the tasks.
• All written as a handwritten agentic harness

• No open-source harness was up to the task yet

“To investigate the 
capabilities of current-
generation commercial 
LLMs, we consider the 
task of anomaly 
detection via the publicly 
available and highly-
studied LHC Olympics 
dataset.”
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Automating High Energy Physics Data Analysis 
with LLM-Powered Agents

57

We introduce a framework in which LLM-based agents 
are integrated into a Snakemake-managed workflow. 
Agent interventions are bounded to well-defined tasks 
such as code generation, event selection, and 
validation while the underlying directed acyclic graph 
(DAG) maintains determinism and provenance.

1. ROOT File Inspection
2. Ntuple Conversion
3. Preprocessing

4. S-B Separation
5. Categorization

ATLAS Open Data Analysis: cross-section measurement of the 
Higgs boson decaying to two photons. Collision data and 
simulation samples from the 2020 ATLAS Open Data release are 
used, corresponding to 10  𝑓𝑏−1.
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First to do multiple analyses

58

Each analysis contains a full log and 
evaluation in the paper

It took 4-10 hours for each analysis 
start to finish

This work did not focus on correctness15/06/2026



https://iml-wg.github.io/HEPML-LivingReview/Generative AI
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GitHub Copilot ( … Gemini code 
assist, Q Developer, JetBrains AI, 
Cody)
• Vibe coding - you express the 

what and let AI handle most of the 
how.

• Reviews your code
• Produces documentation
• Creates issues
• Creates PRs for existing issues
• Assisted code review

Generative AI

AI Agents:

• Reinforcement Learning fine-tuned LLMs
• Can access web - no cutoff dates
• Create and execute code - it is actually 

nicer language for a lot of tasks

• OpenAI, DeepSearch, WebBrowse, 
Operator, Perplexity

• LangChain (+LangGraph), Microsoft 
AutoGen, CrewAI, Manus, Google ADK, 
WebArena, OSWorld, CodeAct

• AI using the whole computer;  Manus and 
OpenManus
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https://docs.google.com/spreadsheets/d/1M801lEpBbKSNwP-vDBkC_pF7LdyGU1f_ufZb_NWNBZQ/edit?gid=0#gid=0
https://os-world.github.io/
https://docs.google.com/presentation/d/16FfvLHdudwysUwTTfiIDVsjRq9acubcuXteunrTnZLE/edit#slide=id.g3504e6d4f1c_0_0


Generative AI: Model Context Protocol

MCP is an open standard that connects Agents to data sources.
• Widely supported: MCP Servers catalogue
• TypeScript, Python, C#, and other MCP SDKs already exist.
• Stdio, SSE or streamable HTTP transport.

A2A
Agent-to-Agent communication protocol.
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https://github.com/modelcontextprotocol/servers
https://github.com/modelcontextprotocol/typescript-sdk
https://github.com/modelcontextprotocol/typescript-sdk
https://github.com/modelcontextprotocol/python-sdk


Native HEP software ecosystem 
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WLCG agent

Model Context Protocol (MCP) 

Rucio agent Batch-system
Authentication & 

authorization
Monitoring & 

Accounting

Data-sources (docs, 
twikis, webpages…)

Locally hosted base models 

DBs(Oracle)

Analysis facility 

https://www.google.com/search?client=firefox-b-d&q=Model+Context+Protocol&mstk=AUtExfC-zhP3-t-j8IE1uRI8m23fVHIYyuEjZ9BlYsHkSxKZl2wQZAu0tw2mg19Na5diJs9ml7gyVMVD8n9IGRhKTs9xcFeU9LAO09pr_VNoQWKZcZ0TtXZTzX3TZ2sbcZtNvvg&csui=3&ved=2ahUKEwj-vM7zx4KUAxUXXkEAHaLsJkcQgK4QegYIAQgAEAQ
https://www.google.com/search?client=firefox-b-d&q=+%28MCP%29&mstk=AUtExfC-zhP3-t-j8IE1uRI8m23fVHIYyuEjZ9BlYsHkSxKZl2wQZAu0tw2mg19Na5diJs9ml7gyVMVD8n9IGRhKTs9xcFeU9LAO09pr_VNoQWKZcZ0TtXZTzX3TZ2sbcZtNvvg&csui=3&ved=2ahUKEwj-vM7zx4KUAxUXXkEAHaLsJkcQgK4QegYIAQgAEAU
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Native HEP software ecosystem 
All of this needs 
infrastructure to run 
AKA GridPP



15/06/2026 64

Building an AI-native Research Ecosystem for Experimental Particle Physics: 
A Community Vision, https://arxiv.org/pdf/2602.17582

https://arxiv.org/pdf/2602.17582
https://arxiv.org/pdf/2602.17582
https://arxiv.org/pdf/2602.17582
https://arxiv.org/pdf/2602.17582
https://arxiv.org/pdf/2602.17582


IBM Quantum CHEP24Quantum

With quantum systems composed of 100+ qubits, researchers are beginning to explore algorithms and applications at 
scales beyond brute-force classical computation using IBM Quantum systems

IBM first to put the first quantum computer on the cloud in 2016, quantum computing has largely been in an exploratory 
phase. Experiments validate the tenets of quantum computation, but do not push the field beyond the reach of classical 
compute. To move beyond simple experiments to demonstrate the utility of quantum computing in multiple domains,
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https://indico.cern.ch/event/1338689/contributions/6080333/attachments/2952086/5189637/2024-10-22-CHEP_IBM_VoicaRadescu.pdf


The QC4HEP community paper
10.1103/PRXQuantum.5.037001

IBM Quantum CHEP24Quantum
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https://indico.cern.ch/event/1338689/contributions/6080333/attachments/2952086/5189637/2024-10-22-CHEP_IBM_VoicaRadescu.pdf


IBM Quantum CHEP24Quantum
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https://indico.cern.ch/event/1338689/contributions/6080333/attachments/2952086/5189637/2024-10-22-CHEP_IBM_VoicaRadescu.pdf


Thank you
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