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Previous and current activities

University of Santiago de TD CPV and spectroscopy in

Compostela (Spain) Bs0->(K+m)(K-n*) + Software
B.Sc. Physics, M.Sc. Particle Physics acceleration with GPUs

Oct Ph.D. Particle Physics
2014 National Doctoral Fellowship

Jun University of Ziirich
2018 (Switzerland)
Postdoctoral Researcher

Sep University of Milano-Bicocca
2020 (Italy)
EU Marie Curie Fellowship

Sep CERN (Switzerland)
2022 Senior Research Fellowship
Jan MIT (US, based at CERN)
2025 Botton Postdoctoral Fellowship




TD CPV and amplitude analysis in Bs?—(K*mt-)(K-t*)

299 phases

@ The b — sqq transitions occur at loop-level in the SM. — Potential New
Physics entering the decay.

@ The phase b — s5s was measured by LHCb using B? — ¢¢ decays [Phys. Rev. D
90, 052011 (2014)]. — Compatible with the SM expectation.

First LHCb Run 1 measurement of ¢§3d To increase the statistics: study
The B? — K*O(K+7r_)R*O(K_7r+) B? —>i(K+7r_)(K_7r+) decays with

2
decay proceeds via a gluonic penguin M(K_ mT) € [750,1600] MeV/c*.
diagram in the SM. Dominant K7 structures:

@ Scalar (j = 0): K{(800)°,
K (1400)°, non-resonant
@ Vector (j =1): K*(892)°
@ Tensor (j = 2): Kj;(1400)°
This leads to 3 X 3 =9 channels and
19 polarisation amplitudes in total.

It is sensible to the phase quad, expected to — Same phase qﬁﬁad used for all the
be ~ 0 in the SM [JHEP 1503 (2015) 145]. amplitudes.




TD CPV and amplitude analysis in Bs?—(K*m-)(K-rt*)

@ Flavour-tagged, time-dependent, angular and K7 invariant mass analysis.
@ Model with 19 polarisation amplitudes.

@ Fit to background-subtracted data performed using GPUs. — 2000x faster than 1 CPU.

~1200 ———————
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@ CP-violating parameters: ¢59¢ = —0.10 & 0.13 =+ 0.14 rad,
|A| = 1.035 £ 0.034 + 0.089. — Compatible with the SM expectations.

Weighted candidates / ( 34 M
N
S
T

+ First/best measurement of all the CP-averaged amplitude parameters.



https://link.springer.com/article/10.1007/JHEP03(2018)140
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Measurement the LFU ratios
R(D+*) and R(D*+)




First LHCb measurement of R(D*) and R(D**)
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[Phys. Rev. Lett. 134, 061801]

100+ data samples
22 types of bkg.
4 regions in fit
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.134.061801

Side products of the analysis

HistFactory/RooFit-HAMMER

TECHNICAL REPORT - OPEN ACCESS

RooHammerModel: interfacing the HAMMER software tool with
HistFactory and RooFit

J. Garcia Pardifias’, S. Meloni', L. Grillo?, P. Owen®, M. Calvi' and N. Serra®

Published 19 April 2022 - © 2022 The Author(s)

Journal of Instrumentation, Volume 17, April 2022

Citation J. Garcia Pardifias et a/ 2022 JINST 17 T04006

DOI 10.1088/1748-0221/17/04/T04006

s .
Cy, =-8C ] :1.00 +0.00i
Cj,:0.00 +0.80i

Usage of C++11 when interfacing
with HAMMER.

Tracker-only simulation

Sub-detector response turned off

Package of emulations for:

ECAL HCAL
SPD/PS

agnet RICH2 M1

M4 M5
M3

- LOHadron TOS, LOGlobal TIS.
- PID.
- Neutral isolation.
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SW development for RTA HLT2 in Run 3

 Co-coordinated the migration of ~100 HLT2 SL lines to the Run 3 trigger
software (Moore). ~15 developers.

- Modularised and streamlined the selections with composite builders.

make_pions ‘

make_kaons ‘

make_protons ‘

L < make_bachelor_muons ‘ \ make_fake_muons
,f*’ \\\‘ J N\ )
(' make_candidate )
A . S g N N
make_tauons_muonic_decay ‘ make_fake_tauons_muonic_decay
make_prong_pions ‘ make_tauons_hadronic_decay

make_soft_long_pions ‘
( make_photons )

— make_soft_long_kaons ‘

make_resolved_piOs /w

make_merged_piOs



SW development for DPA in Run 3

From Run 3 onwards, the SL WG needs to select which part of the event needs to be stored.
— Crucial for bkg and spectroscopy studies.

| have co-coordinated the creation of the first (MVA-based) tool for event-size reduction in SL
lines [CERN summer student’s project]. ~8 developers.
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~10x event-size reduction. Commissioned for SL Sprucing lines.


https://cds.cern.ch/record/2879888/

Deep-learning based Full Event Interpretation (DFEI)

Ground truth Classical approach
B0 - K*rr- B-— DO[K-Tt+]K-

Full Event
------------------- Interpretation __..----vttttreeeal

~ ~
~~~~~~~~
- - - -
------------
-----------------

One-go inclusive multi-signal reconstruction + pileup suppression, for
optimal event filtering in high-luminosity conditions.
w Target implementation in Sprucing for Run 3, HLT2 for Upgrade II.



First version of the algorithm

GNN for Deep Full Event Interpretation and Hierarchical
Reconstruction of Heavy-Hadron Decays in Proton—Proton Collisions

Julian Garcia Pardinas'?- Marta Calvi' - Jonas Eschle3 - Andrea Mauri* - Simone Meloni' - Martina Mozzanica' -
Nicola Serra3

T — B
B B-
[Comput Softw Big Sci 7, 12 (2023)] b°
: D
Good performance, but
inference time of O(1s) 3. LCA inference
] o = [LCA: Lowest
o o Common

Ancestor]

2. Edge pruning

1. Node pruning

o O (¥)
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(V)
oY
v

Blue: reconstructed ancestors. ° o o
Green: particles from a b-hadron o o g °
Red: particles from the rest of the event PV, PV,


https://link.springer.com/article/10.1007/s41781-023-00107-8

Work on CPU-based inference speedup

1. Work on alternative (faster) pre-
filtering algorithms.

2. Work on dynamic weight pruning
in the GNN.

3. Work on a C++ based inference
pipeline thanks to a collaboration
with the TMVA SOFIE team.
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Expanding to more tasks: heterogeneous GNNs
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SW dev. and ML to automate
Data Quality Monitoring (DQM)




Automatic DQM in dynamic regime

Both Online and Offline DQM are done by shifters, very person-power demanding.

Goals:
- Increase accuracy.
- Reduce person power.
- Adapt to changing conditions.

* Provide a robust and unbiased
response.




Novel statistics-based method

- Automatic data-driven construction of templates with uncertainties.

- Gradual evolution of templates in time, when triggered by shifters/experts.

- Statistical comparison of current run with current set of templates. Unbiased
wrt. run length via sampling method. Global or per sub-system/histogram.
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Commissioned in Offline DQM, expected to reduce person power to 1/3.



R&D to improve the performance [arXiv:2501.19237]

DINAMO: Dynamic and INterpretable Anomaly MOnitoring for Large-Scale Particle Physics
Experiments

Arsenii Gavrikov,l' Julian Garcia Pardiﬁas,z’ and Alberto Garfagnini!

'INFN, Sezione di Padova e Universita di Padova, Dipartimento di Fisica e Astronomia, Italy
“Department of Experimental Physics, European Organization for Nuclear Research (CERN), 1211 Geneva 23, Switzerland, now at
Laboratory for Nuclear Science, Massachusetts Institute of Technology (MIT), 77 Massachusetts Ave, Cambridge, MA 02139, USA

T —

Predict the evolving templates with uncertainties using a transformer
model and incremental learning.
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https://arxiv.org/abs/2501.19237

R&D to increase the level of automation

[arXiv:2405.15508]

Human-in-the-loop Reinforcement Learning for
Data Quality Monitoring in

Particle Physics Experiments Cla 55|fy
Olivia Jullian Parra Julian Garcia Pardifias D d ta R L a g e nt # 1
Department of Experimental Physics Department of Experimental Physics
European Organization European Organization
for Nuclear Research (CERN) for Nuclear Research (CERN)

1211 Geneva 23, Switzerland 1211 Geneva 23, Switzerland
olivia.jullian.parra@cern.ch julian.garcia.pardinas@cern.ch

Department of International Relations Department of Mathematics
European Organization University of Ziirich
for Nuclear Research (CERN) Winterthurerstrasse 190,

Lorenzo Del Pianta Pérez Maximilian Janisch

1211 Geneva 23, Switzerland Ziirich 8057, Switzerland
lorenzo.del.pianta.perez@cern.ch maximilian. janisch@math.uzh.ch .
Shifter RL agent #2
Suzanne Klaver Thomas Lehéricy
Faculteit der Betawetenschappen Department of Mathematics
Vrije Universiteit Amsterdam University of Ziirich
De Boelelaan 1105, 1081 HV Winterthurerstrasse 190, . . . .
Amsterdam, the Netherlands Ziirich 8057, Switzerland Class |fy if Call shifter if
suzanne.klaver@cern.ch thomas.lehericy@math.uzh.ch
called needed

Nicola Serra
Department of Physics
University of Ziirich
Winterthurerstrasse 190, Ziirich 8057, Switzerland
nicola.serra@cern.ch

B —

Allow the possibility to globally optimise multiple correlated tasks, partially involving
human actors.
= Balance classification accuracy vs amount of human interaction.
= | ong-term goal: optimise multiple operations in a control room. Balance data
collection efficiency vs operational costs.


https://arxiv.org/abs/2405.15508
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Eluned’s NSF CSSI grant

Run 3 LS3
26

24 25 25
2| [F [ e [ [F [
[A] Develop hls4ml for Intel/Microchip

Microchip [——
=
<

[}

AE networks implemented with SmartHLS in hls4ml
Paper published + conference talk
Intel
Feature-complete support for convolutional and recurrent NNs
Paper published and/or conference talk
Task-level parallelism in top-level HLS function
Task-level parallelism in top-level + all intermediate functions concluded <
Add support for novel NN architectures if time permits <
[B] Compression on FPGA
. Sparsification studies + latency requirements |
B) Developmg M L-_based Exact latency requirements provided to collaboration (PoC) —
compression for PicoCal Train preliminary AEs + assess loss function | | |2
frontend Implement AEs onto Microchip —
Optimise latency + present performance on simulated events (PoC) VoY,
Beta version of algorithm entered review/implemented in stack -
Algorithm test-run in current data if possible <>

C) Developing ML-based [C] Clustering algorithms -

compression for PicoCal Development of software for enhanced ECAL (PoC) + familiarisation g

Develop clustering algorithms, differing complexities | YWz
backend ; . ,
Investigate using latent space vz
Implement algorithms on Intel FPGAs + GPUs ez
Optimise latency for both architectures |
Latency/performance no.s (from sim. events) presented (PoC) =
Beta versions of algorimths in review/implemented in stack ?
Particle identification algorithms if time permits =

A) Developing his4ml to be
compatible with SmartHLS
and Intel

W,

1 = Post-doc (i)zz = Post-doc (i) CJ = PhD



Status of the current developments

1. [§4] Use his4ml to parse an example keras model targeting a Vivado
backend. Understand the structure of the produced C++ code.

2. [(4] Understand how SmartHLS works. Study the project and file structure
for a simple example provided in their tutorials.

them.
A. [f4] Get a basic version of the C++ code to compile within SmartHLS.

B. [€4] Check the numerical results after variable quantisation with CSIM.
C. [4] Sinthesise and study latency.
D. [X] Play with pragmas to optimise performance as needed.

4.[ ]Abstract from the learnings and implement an expansion of his4ml to
cover this new backend.

5.[ ] Use the new expansion of hls4ml to convert the LHCb ML models.



Some ML coordination activities

https://eucaif.org/

IML

Inter-Experimental LHC Machine Learning Working Group

The LHCb ML Forum

| first suggested this initiative one year ago, in a talk at the Software Framework(s) for
LHCB’s Future Workshop. = Now created inside the Software and Computing Board.

Scope:

o ML discussion at the production level on aspects which are either cross-
project or LHCb-common (including common ML interfaces and pipelines,
developments of ML for FPGA, usage of LLMs for documentation, ...).

o Discussion of external ML opportunities for LHCb (requests of LHCb speakers
for project-unspecific ML overview talks, new multi/inter-experiment ML
networks, available hardware infrastructure, ...).

T — L


https://indico.cern.ch/event/1341333/contributions/5648615/attachments/2758778/4804023/ML_developments_and_requirements.pdf
https://indico.cern.ch/event/1341333/contributions/5648615/attachments/2758778/4804023/ML_developments_and_requirements.pdf
https://eucaif.org/

ML Forum meetings

LHCb ML Forum
Yﬁ(\ ‘! Tuesday 4 Feb 2025, 15:30 — 17:00 Europe/Zurich

A Julian Garcia Pardinas (Massachusetts Inst. of Technology (US))

Description Zoom link: https://cern.zoom.us/j/66519173550?pwd=WcrbtA8ItaD7sRj2AiGaxCbrPi

X[l — 15:35 News

Speaker: Julian Garcia Pardinas (Massachus

News_040225.pdf

AL — 15:55 Introduction to the ODISSEE project

Speaker: Vava Gligorov (Centre National de la Recherche

B ODISEE_LHCb_ML._.. ODISEE_LHCb_ML_...

LRI - 16:15 LLM status/studies at IHEP

Speaker: Mr Xuhao Yuan (Institute of High Energy Physics, Beijing, China)

20250204.pptx

(RN — 16:35 Introducing LHCbFinder: Semantic Search and Future Prospects with LLMs

Speaker: Mohamed Elashri (University of Cincinnati)

Ihcbfinder_lhcb_for...

ML Forum Meeting - ML on FPGA

Wednesday 26 Feb 2025, 15:30 — 17:00 Europe/Zurich

@ 2/R-030 (CERN)

A Julian Garcia Pardinas (Massachusetts Inst. of Technology (US))

200M  LHCbMLForumMeeting

:E;; — 15:35 News

Speaker: Julian Garcia Pardinas (v

chusetts Inst. of Technology (US))

News_26.02.25.pdf

m — 15:45 Work and plans from France

Speaker: Christina Agapopoulou (Université Paris-Saclay (FR))

French work & plans...

m — 15:55 Work and plans from Syracuse

Speaker: Lauren Mackey (Syracuse University (US))

Syracuse University ...

w — 16:05 Work and plans from MIT

Speaker: Eluned Anne Smith (Massachusetts Inst. of Technology (US))

MIT_ML_Plans.pdf




